Autoignition in Turbulent Flows

––– Background and Description –––
1.
Autoignition Phenomenon Achievement

Air:

Air is taken from the Heat Laboratory compressor and passes through: a two-stage filter and pressure regulator unit, a mass flow controller and a pair of two inline series heaters before it enters a vertical quartz tube at atmospheric pressure and a maximum temperature of 900oC. It flows in an upward direction. At entry to the tube a perforated plate has been placed which can be used to alter the turbulent character of the hot air flow into it. The custom-made jacketed tube has a concentric configuration and consists of two tubes joined together. The air flows through the inner tube while the annular volume between the inner and outer tubes has been pre-evacuated.
Fuel Mixture:

Fuel is taken from a pressurised gas cylinder with an incorporated two-stage pressure regulator and passes though a second mass flow controller before it is mixed and is diluted with excess inert nitrogen to hinder the highly exothermic reactions of combustion and for enhanced control. The mixture is injected into the air stream at the lower end of the quartz tube concentrically and in the same direction as the air. It is at atmospheric pressure and temperature and travels vertically upwards in the centreline of the tube and mixes with the surrounding air while its temperature rises.

Autoignition:

At a certain distance into the tube the conditions are such that the mixture autoignites, either repeatedly forming autoignition spots that quickly die, or perhaps resulting in the formation of a small flame which is visible through the tube. The product gases will exit the tube at a lower density than the surrounding air, rise to be collected by an extract fan and carried out of the laboratory.

2.
Autoignition Visualization, Measurements and Calculations

Experiment Characterization Measurements:

Temperature measurements are made in the hot air flow at the exit of the heaters and inlet of the quartz tube, while a final measurement is made at the outer wall of the tube near the inlet. Further measurements are made of the maximum fuel temperature and the exhaust gas temperatures at the outlet of the tube. All these measurements help not only to accurately characterize the experimental conditions but also to monitor the general state of the apparatus. Furthermore, for safety reasons, the temperature of the product gases leaving the tube at the upper end does not increase by more than 200oC due to the heat released by the combustion process. This sets a limit on the variations that can be made to the experimental parameters. A further result is that the fuel quantity used is small enough to be about the same as that used in a single gas ring of a typical household cooking stove.
Purpose of Experiment and Global Visualization Measurements:

The purpose of this experiment is to use the optical access into the quartz tube to take images of the autoignition spots, measure the length of tube at which  these occur and calculate the time taken for autoignition from fuel injection for various fuels, perforated plates, air temperatures, injector diameters, quartz tube diameters and air and fuel flow rates.
Laser Measurements:

The Heat Laboratory Laser Room laser system will be used to perform detailed optical measurements of quantities that are suspect of being correlated with the initiation of the phenomenon of autoignition (mixture fraction). The laser beam will be initiated in the Laser Room where the lasers are situated, but the controlling computer for the lasers and the recording cameras will all be placed and operated in the experiment room. Please also read the accompanying “Laser Utilisation Procedures” pages. The sheet will pass through the quartz tube and excite molecules of acetone tracer which will be bled into the fuel flow (PLIF – Planar Laser Induced Fluorescence). Acetone is itself a fuel but combusts at a higher than the operational temperature of the experiment. UV sensitive cameras will be used to take pictures of the resulting fluorescence. Most of the acetone will burn together with the combustion of the normal fuel, but any excess will be carried out of the enclosure by the extract fan together with the rest of the fuel. Valves have been placed and leak tests have been performed to ensure vapour containment at all times.
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(Note: Acetone tracer mixed with the fuel before injector)








